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Monitoring in vivo beam rage in the patient during proton radiation therapy is important for 
improving the accuracy of the treatment dose. The nuclei in the patient tissue interacting with 
protons during the therapy emit prompt gamma rays. It is possible to determine the in vivo 
beam rage in the patient by measuring the prompt gamma rays during proton therapy. 
Detection of prompt gamma rays for proton therapy has been studied by various researchers1-
3). In this study, prompt gamma-ray detection for proton therapy was performed with thallium 
bromide (TlBr) semiconductor detectors. Gamma-ray detectors fabricated from TlBr crystals 
exhibit a high detection efficiency for gamma rays because of the high atomic numbers (81 
and 35) and high density (7.56 g/cm3) of the material. The high detection efficiency and good 
energy resolutions4) make the TlBr detector a promising candidate for constructing prompt 
gamma-ray imagers.  
Gamma-ray detectors were fabricated from TlBr crystals grown by the traveling 
molten zone method in this study. The starting materials for the crystal growth were 
commercially available TlBr materials. The zone refining method was employed for 
purifying the starting materials. The grown crystals were cut into wafers with a diamond wire 
saw. The surfaces of the wafers were polished mechanically. Thallium electrodes were 
deposited on the wafers by the vacuum evaporation method. The detectors had a planar 
cathode and a pixel anode surrounded by a guard electrode. Charge sensitive preamplifiers 
were connected to the cathode and the anode. The output waveforms were recorded with a 
digitizer. The pulse waveforms were analyzed with a PC for obtaining the pulse height spectra. 
Prompt gamma-ray detection experiments were performed using a proton therapy 
system5) at Cyclotron and Radioisotope Center (CYRIC), Tohoku University. Schematic 
drawing of the experiments for the prompt gamma-ray detection is shown in Fig. 1. The water 
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phantom was irradiated with 80-MeV protons. A lead collimator (slit size: 0.4 cm and 
thickness: 10 cm) was placed between the water phantom and the TlBr detector. By changing 
the proton range using the range shifter, prompt gamma rays from the water phantom was 
measured with the TlBr detector to obtain position dependency of prompt gamma-ray 
emissions along with the proton path. The dose distribution in the water phantom for the 
proton irradiation was measured with a thimble chamber. The prompt gamma-ray distribution 
for the experimental setup was simulated with PHITS. 
Figures 3 and 4 show position dependency of prompt gamma-ray counts obtained 
from the simulation and the TlBr detector, respectively, superimposed with the dose 
distribution obtained from the thimble chamber. The experimental data was well consistent 
with the simulation data. The prompt gamma-ray counts decreased around the Bragg peak of 
the dose distribution. The experimental data demonstrated that TlBr detectors were useful for 
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Figure 2.  Position dependency of prompt gamma-ray counts obtained from the simulation, 





Figure 3.  Position dependency of prompt gamma-ray counts obtained from the TlBr detector, 
superimposed with the dose distribution obtained from the thimble chamber. 
